10 to 150% of the maximum. Three commercial hog intrinsic factors have been found to give a similar response to pH changes. The pH-dependent binder in human gastric juice has been shown to be intrinsic factor by the addition of intrinsic factor-blocking antibody. About 10 % of vitamin B12 bound by human gastric juice is not bound by intrinsic factor and is notpH dependent. The reduction in the vitamin B12-binding capacity of human gastric juice induced by an adverse pH is reversed by neutralization. The physiological and clinical significance of these observations is discussed and their relevance to various procedures in vitro noted.
Intrinsic factor is now generally recognized as a substance which is necessary for the normal absorption of vitamin B12 in man. It has been shown to be secreted by the parietal cells of the stomach but its chemical identity is still not certain although it has been reported to be a glycoprotein with a molecular weight equal to some multiple of 50,000 (Grasbeck, 1969) . The exact mode of action of intrinsic factor in the normal absorption of vitamin B12 is not known, but it is known to be a very potent binder of vitamin B12. The mechanism by which intrinsic factor binds vitamin B12 and what part of the intrinsic factor molecule is involved are not known.
In this paper we report the results of our studies on the effect of pH on the ability of human gastric juice intrinsic factor to bind vitamin B12. This problem was studied because intrinsic factor has been used in a number of unbuffered assay procedures in vitro for serum vitamin B12 Raven, Robson, Walker, and Barkhan, 1969) , serum intrinsic factor blocking antibody Ungar, 1967) , and in the estimations of intrinsic factor content of human gastric juice (Ardeman and Chanarin, 1963; Gottlieb et al, 1965 (Ungar, 1967 Table I to cover a wide pH range. The radioactive 57Co-B12 solution was brought to the required pH and then the intrinsic factor source was added. This was allowed to incubate at room temperature for 30 minutes and then the albumincoated charcoal was added. This reagent acts as a 'molecular sieve' and adsorbs free vitamin B12 but not the bound form . The coated charcoal was removed by centrifugation and the radioactivity in the supernatant determined. The counts from the control series were counts due to unbound 57Co-B12 not taken down by the coated charcoal at the various pH levels (usually about 1-2% of the total counts added, irrespective of the pH The results of two experiments are shown in Figure  1 (curve B) . When added to human gastric juice in excess the intrinsic factor blocking antibody would block all the intrinsic factor activity and any vitamin B12 bound may be attributed to the nonintrinsic factor vitamin B12 binders. It can be seen that, at least for pH levels above 5, the amount of 57Co-B12 bound by the non-intrinsic factor binders is not significantly altered by changes in pH. The fact that the serum had no effect on human gastric juice vitamin B12 binding at pH levels below 4 probably indicates that the antibody is not active at these low levels (McGuigan, 1967) . This implies that the pattern of vitamin B12 binding by human gastric juice in response to pH changes is due to the effect of pH on human intrinsic factor.
REVERSIBILITY OF pH EFFECT ON VITAMIN B12 BINDING BY HUMAN GASTRIC JUICE
This experiment was designed to determine whether, in vitro, the binding ability of human gastric juice is irreversibly destroyed by subjecting it to extremes ofpH. The results (Table II) Goldberg and Fudenberg (1969) supported our suggestion that the vitamin B12 binding ability of intrinsic factor is pH dependent (O'Neill et al, 1968) . They found that this increased when the pH was increased from 2 to 9. They, however, did not extend their studies to higher pH values and consequently did not report any inhibitory effects at pHs above 12-2. However, using equilibrium dialysis, McGuigan (1967) reported that there was no significant difference in the vitamin B12 binding by human gastric intrinsic factor at pH 4 5, 7 4, and 11. This appears to be inconsistent with our results, but due to the differences in techniques and in the assessment of results, it is not apparent whether a genuine inconsistency exists.
These effects of pH on intrinsic factor might explain some of the abnormalities of vitamin B12 absorption previously reported in man. Veeger, Abels, Hellemans, and Neiweg (1962) and Le Bauer, Smith, and Greenberger (1968) reported that in some patients with pancreatic insufficiency and a low intestinal pH, vitamin B12 malabsorption was not due to a lack of intrinsic factor but could be corrected by the administration of sodium bicarbonate. Shimoda, Saunders, and Rubin (1967) (Herbert, 1959) .
It appears that a neutral or slightly alkaline pH condition in the intestine is probably necessary for normal vitamin B12 absorption. Whether this pH effect is concerned solely with the optimal binding of vitamin B12 by intrinsic factor is still not clear. It is possible that intraluminal neutrality may also be necessary for the normal attachment of the intrinsic factor-vitamin B12 complex to the intestinal mucosal cells.
The reversibility experiments (Table I) indicate that intrinsic factor is not destroyed when subjected to extreme pH values for 30 minutes. This implies that the intrinsic factor molecule, or at least its binding site or sites, remains intact under those conditions. This is not unexpected as, under normal physiological conditions, intrinsic factor is subjected to a wide spectrum ofpH changes through the gastrointestinal tract.
Our results suggest that a certain ionic conformation of the binding site or sites of the intrinsic factor molecule facilitates maximum binding of vitamin B12. It is further suggested that this ionic conformation is acquired at neutral or slightly alkaline pH. The exact mode of the binding mechanism, however, still remains to be elucidated.
The effect of pH on the binding of vitamin B12 by intrinsic factor appears to have been neglected in a number of assay procedures in vitro for serum vitamin B12 Raven et al, 1969) , serum intrinsic factor blocking antibody Ungar, 1967) , and intrinsic factor in human gastric juice (Ardeman and Chanarin, 1963; Gottlieb et al, 1965) . These assay methods do not use a buffering system to control the pH and it is therefore not surprising that inconsistent results have sometimes been reported Raven, Walker, and Barkhan, 1966) . We have recently reported on the reproducibility of a modified isotope dilution vitamin B12 assay using a buffering system to maintain the pH within a narrow range (Shum, Streeter, and O'Neill, 1970) .
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